4. The determination of the Ketamin-level in the blood of mother and child during the course of anesthesia administered during a caesarean section.
Methods 1.1 Ketamin and uterine motility
Six patients with pronounced cervical dystocia were fitted with an intrauterine pressure-probe. With the use of a STATHAM element the intraamniotic pressure curves were registered over a ten-minute period while the patient was awake. All 6 patients had received no labor -inducing medication for at least half an hour; dilation of the cervix was approximately 3 to 4-cm. After the first period of registration, l mg/kg body-weight Ketamin was injected intravenously over a period of thirty seconds. The registration of the intrauterine pressure curve was continued. The registered curves were measured for frequency, basal tension, labor amplitude, and duration o£ contraction. The product, of amplitude and frequency measured in MontevideoUnits, was derived from labor amplitude and labor frequency over a period of ten minutes.
Ketamin and placental bloodflow in animal experiments
At the end of their gestation period (28th to 29th day), 8 albino rabbits were tested for placental bloodflow by using the indirect method of measuring local heat conductivity. Tissue probes of Type G l and G 2 were used äs measuring devices, äs well äs two double-probes inserted äs measuring and comparing units; these were constructed especially for checking placental bloodflow [8] .
Anesthesia was induced by slow injection of Nembutal® in a medium dosage of 150 mg. A catheter was introduced from the femoral artery into the adbominal aorta; for measuring pressure a STATHAM element was used. In some individual cases the intrauterine pressure was registered with a pressure probe. After the heat conductivity probes had been inserted into placenta, they were sutured to the Uterus to prevent dislocation.
After completing preparations, we measured the initial bloodflow for about twenty minutes. After that, 2 mg/kg body-weight Ketamin was injected intravenously over a period of thirty seconds. The mean heat conductivity figure was derived planimetrically from the curves which were registered over a ten-minute period before and after the injection of Ketamin.
represents heat conductivity figure of placenta supplied with blood, A 0 represents heat conductivity» figure of placenta not supplied with blood, t represents time.
Clinical condition of the neonate after Ketamin and Thiopental anesthesiä of the mother
One hundred patients on whom a caesarean section was to be perf omed -for either maternalor fetal reasons -received for the induction of anesthesiä either 3 or 4 mg/kg body-weight Thiopental or l to 1,5 mg/kg Ketamin. In the first group after endotracheal Intubation anesthesiä was continuedwithN 2 0/0 2 (4:2,l/min), 0,7 vol. % Halothane® and füll relaxation; the second group received N 2 0/0 2 (4:2 l/min) and füll relaxation. Each hase of anesthesiä induced by Ketamin 1972, was compared with a caesaran section anesthesiä from 1071 induced by Thiopentone. All newborns were evaluated l and 5 minutes after birth by the ApGAR-score. The statistical comparison of both series was made with the t-Test. Cases in which caesarean section was indicated for fetal reasons were isolated from both series (28 and 43 cases) and compared separately.
Determination of the Ketamin-level in the blood
In twenty cases of caesarean section the Ketamin-level of venous blood was measured in mother and child (umbilical vein), either at the time of birth (16 cases), or at set intervals after birth, according to the extraction method specified by DILL and others [6] . None of the patients had received pre-medication before anesthesiä was induced, äs for example Atropin could interfere with the determining of Ketamin in the blood. In all cases an initial calculation of zero level values was made.
The Ketamin dosage used was l mg/kg body-weight in 18 cases, and 2 mg/kg body-weight in 2 cases. Anesthesia was continued with N 2 O/O 2 (3:2 l/min), after endotracheal Intubation and füll relaxation until delivery of the child. After delivery 0.5 vol.% Halothane was added. Fig. l is an example of an intraamniotic pressure curve, showing labor activity before and after the use of l mg/kg body-weight Ketamin. A decided increase in the frequency of contractions, a slight increase of the pressure amplitude, and a pronounced elevation of the basal tension can be recognized. Fig. 2 is the evaluation of the uterine contraction frequency of 6 intraamniotic pressure curves. Ten minutes after the administration of Ketamin the contraction frequency is nearly twice äs high äs before. This difference is significant at the 5% level. Fig. 3 shows the basal tension of the uterus before (broken line, lower part) and after (solid line, below) administering l mg/kg body-weight Ketamin. The mean basal uterine tension before the injection o£ Ketamin was SmmHg; after three minutes it rose 7.5 mmHg. It was not possible to prove any significance.
Results

Ketamin and uterine motility
The upper part of Fig. 3 shows the pressure amplitude before (broken line) and after (solid line) administering l mg/kg body-weight Ketamin. No difference in the pressure amplitude after the administration of Ketamin could be demonstrated äs compared to the initial values. The product of pressure amplitude and contraction frequency (Fig. 4) -shown in Montevideo-Units -after ten minutes ranges from 95 to 88 M. U. Ten minutes after the injection of l mg/kg body-weight Ketamin the mean amplitude-frequency-product is 210 M, U. This difference is again significant at the 5% level.
Summing up, Ketamin influences the uterine motility during birth byincreasing significantly the frequency of contractions without influencing labor amplitude. The basal tension is increased slightly, however, without being statistically relevant. There is greater all-over motility of the uterus, mostly caused by the frequency increase. 2 mg/kg body-weight Ketamin caused no recognizable qualitative or quantitative difference ( Fig. 5b and 5c ). With an increased dosage of 4 mg/kg there is a marked (Fig. 6) , decrease in placental bloodflow äs demonstrated by a series of experiments still in progress. At the same time arterial hypertension and an increase in intrauterine pressure occurred. 
Clinical condition of the newborn after
Ketamin and Thiopental anesthesia of the mother Fig. 7 shows the mean ApGAR-figures of 100 neonates l and 5 minutes after delivery by caesarean section. Anesthesia had been induced by either l mg/kg body-weight Ketamin (Group II), or 3 to 4 mg/kg body-weight Thiopentone (Group I). It is apparent that there is no difference between the two groups. The third set of columns shows the 1-minute ApGAR-figures of 28 and 43 newborns respectively for whom delivery by caesarean section was necessary. In this group there is also no statistically verifiable difference between the AP GARfigures of Ketamin and Thiopental anesthesia. Fig. 8 shows, in two cases, the development of Ketamin levels in venous blood of mother and child after injection of l mg/kg Ketamin. In Gase l delivery took place 14 minutes after induction of anesthesia. The level in the maternal venous blood was approximately 0.1 /jg/ml; decreasing after 16 minutes to 0.06//g/ml.
Determination of Ketamin blood-levels
The venous Ketamin level of the child at delivery was nearly identical to that of the mother. Ten minutes after birth it was approximately 0.05//g/ml, 16 minutes after birth, 0.03 ^g/ ml. In Case 2 delivery occurred 30 minutes after induction of anesthesia. In this case the venous level of the mother at birth (0.05 //g/ml) was noticeably lower than that of the newborn (0.11 /jg/ml). Ten minutes after birth the venous levels of mother and child were approximately identical. Fig. 9 reflects the reaction of the venous levels of mother and child after administering 2 mg/kg Ketamin. With this dosage the time between induction of anesthesia and delivery was äs before 14 minutes in the first case, and 25 .minutes in the second. The patient with the short in-
Mother (1) Newborn (1) Mother (2) Newborn (2) 1ml/kg birth it had fallen to 0.085//g/ml, showing a slight increase after 5 minutes. Fig. 10 shows the matemal blood-levels at birth in 15 caesarean sections, compared to neonatal Ketamin-levels irrespective of the inductiondelivery time.
The individual values are shown with their l-minute ApGAR-score. It is quite obvious that the coordinate poirits in children with high AP GARscores show a more or less similar directional trend, while 3 values (cases of children with low ApGAR-scores) are distinctly different. Taking into consideration all fifteen figures^ independent of the ApGAR-scores, no significant correlation could be established. lf one excludes the three cases of children with the low ApGAR-scores from the statistical nalysis ( Fig. 11) , there is a significant correlation at the l % level between the blood-levels of mothers and children at birth, independent of the induction-delivery time. This Illustration (Fig. 12) shows the Ketaminlevels of the newborn at birth in relation to the induction-delivery time. First of all it is evident that at least three figures (pertaining to children with low ApGAR-scores), do not follow the trend.
Regardless of whether or not one includes these figures in the evaluation, there is a significant correlation at the 5% level between the inductiondelivery time and the Ket min-level of the newborn immediately after birth. Finally, if one compares the Ketamin-level of the newborn with the .1-miaute ApGAR-scores ( Fig.  13) , a significant correlation (p < 0.01) is again apparent.
Discussion
In obstetrics the effects and side-effects of an anesthetic usually extend upon both mother and f etus or newborn (f or instance: fall of blood-pressure, decreased placental and fetal blood-flow, hypoxia, acidosis, depressed breathing, etc.). The efFects can also apply to a specific condition of the mother, during pregnancy or delivery such s toxemia, protracted delivery, psycho-labile condition, etc. The same effects and side-effects could also continue to influence the newborn after birth, should the establishment of vital functions be impeded. The discussion of the above results deals with the general pharmacological qualities of Ketamin only s far s they are of specific interest in obstetrics.
General pharmacological aspects of Ketamin are of importance especially in relation: a) to the circulatory System of the mother, and b) to the efFects upon her protective reflexes.
Ketamin is generally considered to leave the protective reflexes largely unaffected, when given in therapeutical doses [2, 4, 14, 15, 16] . The aspiration of stomach contents during delivery is still one of the main reasons for serious or even fatal comlications in the field of obstetrical anesthesia. This danger exists with all anesthetics. It is our opinion that the use of Ketamin does not reduce the risk of aspiration or regurgitation.
The increase in blood-pressure and the positive chronotropic eflect caused by Ketamin can be considered from two contradictory points of view in obstetrics. On the one hand, it is advantageous for inducing anesthesia in cases of hemorrhagic shock or hypotonia; on the other hand, it is disadvanvageous in cases of toxemia with hypertonia. Here, at least, the central Areceptor Stimulation has a negative effect. Even though the cerebral blood-flow in healthy patients increases with reduced cerebro-vascular resistance [11, 22, 23] , the increase of systemic blood-pressure s well s the pressure-increase of the cerebro-spinal fluid [7] after the administration of Ketamin must be considered. In our judgement, the use of Ketamin is therefore inadvisable in all cases ot EPH gestosis. To date our tests of uterine motility during birth have been made on only six patients. The reason for such a small number of cases is, that only patients with severe cervical dystocia were scheduled for Ketamin anesthesia, or sleepdelivery.
Our results show uniformly a decided increase of contraction frequency after the injection of Ketamin. Even though the basal tension, äs compared to the initial values, increased, slightly no significance could be verified from this increase any more than from the reaction of labor-pressure amplitude.
The analysis of maximum and minimum values shows clearly a very differentiated pressure reaction in individual patients. The more recent animal experiments by KSHAMA [13] can be evaluated in the same way. They showed equally differentiated increases of amplitude without change in the basal tension, increases of amplitude with rising basal tension, and different reactions of laborfrequency. However, the labor-pressure amplitude/labor-frequency product over ten minutes, expressed in Montevideo-Units, shows a decided increase when compared to the initial values.
The results are important for two reasons: In all cases where increased uterine motility seems contraindicated, , or where labor-inhibiting medication is required (for instance, possible rupture of the uterus, or more frequently, possible intrauterine asphyxia of the child), the use of Ketamin anesthesia could possibly have undesitable side-efiects on uterine motility. This allows only one conclusion for clinical use: restraint and care in the use of Ketamin in these cases, especially since lätest tests show that Succinylcholin also increases uterine motility; a combination of Ketamin and Succinylcholin could possibly result in a very considerable increase of uterine motility. The extent to which Ketamin alone can actually cause uterine contractions has not yet been determined. These results also show that in cases of intrauterine asphyxia Ketamin anesthesia should be considered only with reservation; in these cases Ketamin had previously been recommended for caesarean section. On the other hand, it remains to be seen if the "oxy* tocic" effect of Ketamin, administered in continuous drip infusions, will prove therapeutic during deliveries with weak labor contractions, cervical dystocia etc. The effect of an anesthetic on uterine motility is of interest in other respects äs well. Especially after obstetrical surgery, the ability of the empty uterus to contract is desirable for reducing the loss of blood. A great number of anesthetics in use today, such äs Halothane, nitrous oxide, Cyclopropane, Penthrane, etc., lead to considerable relaxation of the uterus and thus possibly to an increased danger of post-surgical bleeding äs well äs to a still greater blood-loss. The effects of Ketamin on the uterus are listed above: Stimulation of labor frequency, possibly also increase of labor pressure, amplitude and basal tension. These factors, seem to indicate that in certain cases the use of Ketamin could be helpful in decreasing the post-operative blood-loss after obstetrical surgery. However, the clinical significance of this tendency cannot b'e definitely determined at this time. Our tests have shown that the stimuiating effects of Ketamin on the uterus have a maximum duration of only 10-15 minutes.
This effect of Ketamin could lead to technical difficulties during thei'course of a caesarean section, especially during the actual delivery unless a uterus-relaxing medication, (e. g. Halothane) is given simultaneously
Ketamin and Placental bloodflow in
animal experiments Generally speaking, the aforementioned dosis of 2 mg/kg Ketamin had no influence upon the placental bloodflow of the rabbits. The changes of the heat conductivity figure lie between +0.2 and -0.7 10~4 cal/cm sec °C. Four animals showed an increase of 0.1 to 0.2 10-4 cal/cm sec °C, three showed no change, arid only one showed a decrease in heat conductivity. The fluctuations in the placental bloodflow-curve are caused by regulative steering processes by changes in the uterine tension, and by fetal influences, since the methods applied also include registration of fetal circulatiön in the placenta. To date no tests dealing with the linearity of the relation between the heat conductivity figure and placental bloodflow have been made. However, our experiments show that with slow injections of small doses of Ketamin, a negative effect on placental bloodflow in animal experiments cannot be demonstrated. These findings are no longer valid for increased doses. As far äs the clinical use of Ketamin in obstetrics in concerned, there is, above all other reservations, the need for slow injections of smallest possible doses.
Clinical condition of neonates after
Ketamin and Thiopental anesthesia of the mother The statistical comparison of two equally large but not specially-selected groups of caesarean sections (200 cases) shows that the l and 5-minute ApGAR^-scores of the newborns were identical, independent of the use of either' Ketamin or Thiopental for anesthesia induction. Even when comparing separately the cases with suspected intrauterine asphyxia, no statistically relevant difference between the two groups could be verified. Our results contradict the findings of authors [12, 14, 15, 16, 21] .
At first, there seems to be no explanation. However, the similarly-oriented but much more far-reaching statistical analysis of KRESSIN et al. [12] showed a significant difference, particularly when comparing cases with possible intrauterine asphyxia, having further differentiated among these cases (threatened intrauterine asphyxia). Two aspects remain to be explained when comparing our results with other research work: In the first place, no Halothane was used in the Ketamin series äs compared to the Thiopental series. Theoretically, this gave the Thiopental series a less favorable from the start. Furthermore, it must be mentioned that according to concurring reports of obstetricians, delivery under pure Ketamin N 2 O/O 2 anesthesia was technically more difficult than with Fluothane added.
Results of our own äs well äs others have led us to the final conclusion that Ketamin definitely has a place in obstetrical anesthesia. However, this raises the question whether, especially with the indication of possible intrauterine asphyxia, the use of Ketamin for anesthesia induction in a caesarean section can still be recommended. Even with the assumption of slightly more favorable statistical figures, the incteased uterine motility under Ketamin, now confirmed by animal experiments and in clinical use, should lead to a certain restraint.
Determining Ketamin-levels in the blood
In conclusion, the experiments for determining Ketamin-levels in the blood during caesarean section anesthesia have led to the following results: 1. At delivery there is a statistically significant correlation between maternal and neonatal blood-levels in neonates with high APGARscores. 2. This significance is negated if, l miiiute after birth, low ApGAR-scores were registered. 3. Independent of the ApGAR-scores recorded after birth, there is a linear negative correlation between Ketamin blood-levels in the neonates and the induction-delivery time. 4 . There is also a significant correlation between the neonatal Ketamin-levels at birth and the 1-minute ApGAR-scores, i. e., higher AP GARscores correspond to the lower neonatal Ketamin-levels. 5 . No correlation between the 1-minute APGARscores of the neonates and the induction-delivery time could be shown.
These results demonstrate that, first of all, the condition of newborns after delivery by caesarean section correlates to the residual concentration of Ketamin in the blood of the umbilical vein. These residual concentrations are in turn dependent upon two factors: a) The time-lapse, between induction of anesthesia in the mother and actual delivery. b) The blood-levels of the mother at birth. With a single induction doses of l mg/kg Ketamin it can be assumed that the Ketamin-level in the fetus, depending upon the induction-delivery time, will fall by 0.006 to 0.008 //g/ml every two minutes.
Disturbances in this decreasing ratio are obviously explainable first by disturbances of the maternal -fetal or fetal -maternal metabolism and gas exchange through the placenta. This assumption is supported by the fact that in 3 neonates with low 1-minute ApGAR-scores (4 to 6) after delivery the Ketamin blood-level was too high in relation to the induction -delivery time. The same newborns also showed Ketamin-levels too high when compared to the maternal blood-levels. One can assume a linear correlation between maternal and fetal blood-levels only when there is no disturbance of the placental metabolism and gas exchange; the correlation between neonatal Ketamin blood-levels and the inductiondelivery time seems to be less affected by these disturbances. On the other hand, there is a marked absence of correlation between the 1-minute ApGAR-scores and the inductiondelivery time. Theoretically, this correlation should have been present because of the relation between neonatal Ketamin blood-levels, ApGAR-scores, and the inductiondelivery time.
Obviously, there are other influences involved here, for instance, the simultaneous continuous administration of nitrous oxide, which, has a negative influence upon the ApGAR-scores after the ten-minute level has been reached.
The determination of the course of the concentration in the newborns at different times after birth (l mg/kg in two cases) confirms the correlation between concentration and time even after delivery. However, in one case, after application of 2 mg/kg Ketamin to the mother, the blood of the newborn showed a renewed rise of the Ketamin concentration. The cause could be a short-term-deposit of Ketamin in the infant, with ensuing redistribution. But no definite conclusions can be drawn until more figures are available.
Independent of the induction-delivery time, the Ketamin blood-level of the newborn will correlate with the maternal blood-level when there are no particular materno-fetal or dependent upon the residual concentrations feto-maternal exchange disturbances. In ad-which in turn are dependent upon the inductiondition, the condition of the neonate is definitely delivery time.
Summary
We have attempted to clarify in clinical and animal experiments some qualities of Ketamin which are relevant to obstetrical anesthesia: 1. Ketamin and uterine motility. 2. Ketamin and placental bloodflow (animal experiments). 3. Effects of Ketamin on the newborn in caesarean section äs compared to the effects of Thiopental anesthesia. 4 . Ketamin blood-level in newborns in correlation to several other factors. According to the results of the experiments, Ketamin definitely increases uterine motility during birth, \usually producing a rise of labor-frequency. The results of the animal experiments when using the normal clinical dosage 2 mg/kg, show no influence on placental bloodflow. With increased dosages, however, (4 mg/kg), there is, according to preliminary observations, a definite decrease in placental blood-flow. In 100 cases of caesarean section selected at random, there was no difference in the condition of newborns whose mothers had received either Thiopental or Ketamin anesthesia. These results are, however, coiitradictory: further differentiation between the cases of threatened intrauterine asphyxia is called for. At least in cases noenates delivered in good condition, there is a statistically significant correlation between Ketamin blood-levels of mothers and neonates. Beyond this, there is a linear negative correlation between the Ketamin blood-levels of the newborn at birth and the induction-delivery time. The newborns' Ketamin levels also correlate significantly with the 1-minute APGARscores.
These findings lead to the f ollowing conclusions: 1. Ketamin should be used with caution when there is suspicion of threatened intrauterine asphyxia, all the more so äs the combination of Ketamin with Succinylcholin has an additive efFect. Furthermore, Ketamin should be injected slowly in the smallest dose possible for induction of obstetrical anesthesia, in order to avoid decrease of the placental bloodflow. 2. Ketamin definitely has a place among other obstetrical anesthetics, especially in caesarean section. However, we could not determine qualities superior t o other anesthetics (e. g. Thiopentone). 3. The neonatal blood-levels at birth are definitely dependent upon the maternal blood-levels. This also leads to the recommendation that the doses of Ketamin should be äs small äs possible.
Inasmuch äs neonatal blood-levels at birth correlate with the induction-delivery time and with the 1-minute APGARscores, Ketamin by itself calls for no minimum limitation of the induction-delivery time in caesarean section. However, one must consider that with falling blood-levels the maternal analgesia and anesthesia becomes insufficient; this simultaneously requires more N 2 O where by a limitation of the induction-deliverytime (under 10 minutes) is necessary.
Keywords: Anesthesia, animal experiments, ApGAR-score, caesarean section, Ketamine, newborn, Uterus (contractions, motility). 
Zusammenfassung
